PASE: 1 PRIMNT DATE: O4/25/95

FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL HARDWARE
HUMBER:05-1-FCES42 -X

SUBSYSTEM NAME: GUIDANCE, NAVIGATION, & CONTROL

REVIZICN: © 04/11/94
PART DATA
PART NAME PART NUMEBER
VENDOR NAME VENDOR NUMBER
LRU ATWC MCEZ21-0043-6547

HGNEYWELL INC

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
ASCEMT THRUET VECTOR CONTROLLER (ATWC), NO'S 1,2, 3, 4

REFERENCE DESIGHATORE: 5447541
5WVTSAZ
oeNT7RA
SEVToAZY

QUANTITY OF LIKE ITEMS: 4
FOUR

FUNCTION:

FROVIDES ELECTRICAL QUTPUT DRIVE SIGNALS FOR ONE OF FQUR REDUNDANT
CHAMNELS OF THE 3RS AND SEME TVC ACTUATORS, PROVICES AUTONOMOUS
MONITORING OF SEZOMNDARY DELTA FRESSURE, EQUALIZATION, AND FALLURE
ISOLATION COMMANDSE FOR 10 TVC ACTUATORS:.
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FAGE 5 PRINT DATE: 01/25/98

FAILURE MCDES EFFECTS ANALYSIS FMEA — CIL FAILURE MODE
NUMBER: 05-1-FCE542-02

REVISION#: 1 D1/22/98
SUBSYSTEM NAME: GUIDANCE, NAVIGATION, & CONTROL
LRL: ATWGC CRITICALITY OF THIS
ITEM NAME: ATVC FAILURE MODE: 1R2

FAILURE MODE:
ERRCOMNECQUS QUTPUT

MISSION PHASE; Lo LIFT-QFF

VEHICLEPAYLOQADVKIT EFFECTIVITY: 102 COLUMBIA

103  DISCOVERY
104  ATLAMTIS

105 ENDEAVOUR

CAUSE:
PIECE-PART FAILLRE, VIBRATICON, MECHAMICAL SHOCK, MISHANDLING,
CONTAMINATION, TEMPERATURE.

CRITICALITY 141 DURING INTACT ABCGRT SNLYT NOC

REDUNDANCY SCREEN Al PASS

B FAIL
C} FASS
PASS/FAll. RATIONALE:
A)
8}

FAILS SCREEN "B*, BECALISE SECONDARY DELTA'PRESSURE [SDP) SIGNAL FAILURE
IMSIDE THE ATVC (ABCVE EQUALIZATION DEADEAND AND BELOW BYPASS TRIP LEVEL)
COULD RESULT IN UNDETECTED HARDOVER CHANMNEL

Cj

- FAILLIRE EFFECTS «

{&) SUBSYSTEM:

CASE 1: 1R2; PASS FAIL PASS

(ANY SINGLE FAILURE CAUSING A SECONDARY DELTA FRESSURE (SDP) SIGMAL TO
“FREEZE" ABOVE EQUALIZATION DEADBAND AND BELOW BYPASS TRIF LEVEL, COULD
RESULT IN AN UNBYPASSED HARDOVER QUTPUT FROM ONE OF FQUR ATVC'S):
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PAGE: B PRINT DATE: 01/25/86

FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: 05-i-FCBE542-02

NG EFFECT FOR UNBYPASSED HARCCVER CUTPUT FROM ONE OF FOUR ATVC'S. THIS
UNDETECTED HARDOVER CONDITION RESULTS IN THREE CHANNELS AGAINST ONE
HARDOWER CHANNEL FORCE FIGHT. FLIGHT CONTROL CAN MAINTAIN VEHICLE
CONTROL WITH THIS GONDITION.

CASE 2. 1R3, PASS PASE PASS
(ANY OTHER FAILURE CTHER THAN THAT DEFINED IN CASE 13;

NG EFFECT FOR FIRET FAILURE, RESULTS IN LOSS OF ONE OF FOUR ATVC'S.
REMAINING THREE CHANNELS ARE UTILIZED FOR FLIGHT CONTRGL.

(B) INTERFACING SUBSYETEM(S):

CASE 1. 1RZ, PASE FAlL PASS

{ANY SINGLE FAILURE CAUSING A SECONDARY DELTA PRESSURE (SDF) SIGMAL TO
"FREEZE® ABOVE EQUALIZATION DEADBAND AND BELOW BYPASS TRIP LEVEL, COULD
RESULT IN AN UNBYPASSED HARDOWER OUTPUT FROM ONE OF FOUR ATVC'S):

NC EFF=CT FOR UNBYPASSED HARDOVER CUTPUT FROM QNE OF FOUR ATVS'S. THIS
UNDETECTED HARDOVER CONDITION RESULTS [N THREE CHANNELS AGAINST ONE
HARDOVER CHANMNEL FORCE FIGHT.

CASE - 1R2: PASE PASS PASS
(ANY OTHER FAILURE OTHER THAN THAT DEFINED IN CASE 1);

NQ EFFECT FOR FIRST FAILLURE, RESULTS IN LDSS OF ONE OF FOUR ATVD'S.

{C} MISSION:
CASE 1: 1R2; PASS FAIL PASS

(ANY SINGLE FAILURE CAUSING A SECONDARY DELTA PRESSURE (S0P} SIGNAL TO
“FREEZE™ ABOVE EQUALIZATION DEADBAND AND BELOW BYPASS TRIP LEVEL, COULD
RESULT IN AN UNBYPASSED HARDOVER QUTPUT FROM ONE OF FOUR ATVC'S):

MO EFFELCT.

CASE 2 1R PASS PASS PASS
(ANY DTHER FAILURE OTHER THAN THAT DEFINED IN CASE 1}

NO EFFECT.

(D} CREW, VEHICLE, AND ELEMENT(S):

CASE 1; 1R2: PASS FAIL PASS

{ANY SINGLE FAILURE CAUSING A SECCONDARY DELTA PRESSURE (SDF) SIGNAL TO
"FREEZE" ABOVE EQUALIZATION DEADBAND AND BELOW BYPASS TRIP LEVEL, COLLD
RESULT IN AN UNBYPASSED HARDCVER OUTPUT FROM ONE OF FOUR ATVC'S):

NQ EFFECT FOR THIS FAILURE, BECAUSE VEHICLE CONTROL CAN TOLERATE THREE
CHANNEL S AGAINST ONE HARDOVER CHANNEL FORCE FIGHT.

CASE 2. 1R2; PASS PASS PASS _
{ANY OTHER FAILURE OTHER THAN THAT DEFINED N CASE 1):

. NO EFFECT FOR FIRST FAILURE, REMAINING 3 CHANNELS ARE UTILIZED FOR FLIGHT
CONTROL.
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FAILURE MODES EFFECTS ANALYEIS (FMEA] — CIL FAILURE MCDE
NUMBER: 05-1-FCES42-02

{E} FUNCGTICNAL CRITICAUTY EFFECTS:

CASE 1: 1R2; PASS FAIL PASS

{ANY SINGLE FAILURE CAUSING A SECONDARY DELTA PRESSURE (SDP) SIGNAL TO
"FREEZE" ABOVE EQUALIZATION DEADBAND AND BELOW BYPASS TRIP LEVEL, COULD
RESULT IN AN UNBYPASSED HARCOVER OUTPUT FROM ONE OF FOUR ATVC'S):

NQ EFFECT FOR FIRST UNDETECTED FAILURE (SECONDARY PRESSURE SIGNAL FAIL
BELOW FAILURE DETECTION THRESHOLD AND ABOVE EQUALIZATION DEADBAND).

THIS FIRST FAILURE WOULD RESULT IN A TOLERABLE THREE CHANNELS AGAINST ONE
CHANNEL FORCE FIGHT, & SECOND CHANNEL FAIL HARDOVER ASFFECTING THE SAME
ACTUATOR AND WITH THE SAME POLARITY AS THE FIRST FAILURE WOULD RESULT IN A
TWO CHANNELS AGAINST TWO CHANNELS FORCE FIGHT. A TWO CHANNELS AGAINST
TWO CHANNELS FORCE FIGHT COULD CAUSE LOSS QF VEHICLE CONTROL,
CRITICALITY 1R BECAUSE LOSS OF THRUST VECTOR CONTROL DURING ASCENT MAY
CALISE LOSS OF VEHICLE,

CASE 2! 1R3; PASS PASS PASS
(ANY OTHER FAILURE OTHER THAN THAT DEFINED IN CARE 1¥:

NO EFFECT FOR FIRST FAILURE (DETECTABLE), BECAUSE REMAINING 3 CHANNELS ARE
SUFFICIENT FOR FLIGHT CONTROL. SECOND FAILURE (UNDETECTED) COULD RESULT
N A TWO CHANNELS AGAINST ONE CHANNEL FORCE FIGHT. PREUMINARY STUDY
SUPPORTS ACCEPTARLE PERFORMANGCE FOR TWO CHANNELS AGAINST ONE CHAMNNEL
FORCE FIGHT. CRITICALITY 1R BECAUSE LOSS OF THRUST VECTOR CONTROL DURING
ASCENT MAY CAUSE LOES OF VEHICLE,

DISPOSITION RATIONALE-

(A} DESIGEM:

ALL ELECTRICAL, ELECTRONIC, AMD ELECTROMECHANICAL (EEE) PIECE PARTS WHICH
-MAKE UP THE ATVC ARE CONTROLLED TO THE OREBMER FROJECT PARTS LIST (CRRPL)
REQUIREMENTS OF MFO004-400. FASSIVE EEE FARTS AND ELECTRICAL CONMECTORS
ARE MILITARY QUALIFIED AND 100% SCREENED TO OFFL REQUIREMENTS. MICRO- .
CIRCUITS ARE QUALIFIED TS MIL-M-33510 ANG SCREENED TO MIL-5-883, LEVEL B. :
CIRCUIT DESIGN LIMITS WORST CASE JUNCTION TEMPERATURES TD 95 DEGRESS C
AND ELECTRICAL STRESZES TO 50% OF RATED CAPABILITY FOR ALL PARTS, THE ATVC
AS AM ASSEMBLY HAS A CERTIFIED LIFE OF 10,000 HOURS (100 MISSIONS) EQUIVALENT
TO TEN YEARS,

THE ATVC IS DESIGNED AS A HERMETICALLY SEALED UNIT T PREVENT OR ELIMINATE
THE ENVIRONMENTAL EFFECTS QF RAIN, SAND, DUST, AS WELL AS MOISTURE.
INTERNAL COMPONENTS ARE CONFORMAL COATED TC ELIMINATE THE ADVERSE
EFFECTS OF MCISTURE, FREESURE, ANDIOR TEMPERATURE VARIATIONS IN ADDITION
TO SHORT CIRCUIT PROTECTIOM. THE ATVC ALSO INCORPORATES A FALLT
DETECTION CIRCUIT TO ISOLATE A FAILED DETECTED CHANNEL, THEREEY
ELIMIMATING TS EFFECT ON THE SYSTEM, '

(B} TEST:
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FAILURE MODRES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: 05-1-FCG542-02

ACCEPTANCE TESTING, WHICH INCLUDES ACCEPTANGE THERMAL TESTING (ATT) AND
ACCTEPTAMCE VIBRATICN TESTING {(AVT), IS PERFORMED ON EACH UNIT.
QUALIFICATION TESTING, INCLUDING VIBRATION, SHOCK, TEMPERATURE, HAS BEEN
SUCCESSFULLY COMPLETED TO CERTIFY THE DESIGN. INTEGRATED/SUBSYSTEM
VERIFICATION IS PERFORMED DURING TURNAROUND. FUNCTIONAL TESTING VERIFIES
THE QUTPUT OF THE ATVC 1S WITHIN SPEG FOR CONTROLLING THE MPS AND SRE.

{C) INSPECTION:
RECEIVING INSPECTION;
INCOMING MATERIAL I& VERIFIED BY RECEIWVING INSPECTION.

COMTAMINATION COMNTROL:
FIMNAL ASSEMBLY AND REWORK PERFORMED IN A CLEAN RQOM.

ASSEMBLYANSTALLATION:
QUALITY PLANNING ENSURES ALL DRAWING AND PROCUREMENT REQUIREMENTS ARE
PUT INTQ IN-PROCESS WORK TICKETS. TORUUING VERIFICATION BY INSFECTION.

NONDESTRUCTIVE EVALUATION:
PADIOGRAPHIC ANALYSIS, ULTRASONIC TESTING, DYE PENETRANT AND MAGNETIC
FARTICLE AMALYSIS 1Iu"E.F".H"'IEI'.'II' BY INSPECTION

CRITICAL PROCESSES:
POTTING, BONDING, FUSION WELDING, SOLDERING AND MATERIAL CLEANING VERIFIED

EY INSPECTION, .

TESTING:
ENVIRCHNMENTAL ACCEPTANCE TESTING 12 OB2SERVED ANC VERIFIED BY SUALITY
CONTROL.

HANDLING/PACKAGING:

THE PACKING AND PACKAGING REQUIREMENTS ARE SATISFIED BY USE OF SPECIAL
QUALIFIED CONTAINERS FOR IN-PLANT TRANSPORTATION AND SHIPFING. RETURNED
AND ACCEPTED GOODS ARE STORED IN A BONDED AREA,. -

iTh FAILURE HISTDRY:
CURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAIMED ANOMALIES, AND
OTHER FAILURES CAN BE FOQUND !N THE PRACA DATABASE. :

(E) OFERATIONAL USE:

FER STANDARD FCE CHANMNEL MANAGEMENT (FLIGHT RULE 8-52), FAILED AND
UNBYPASSED PORTS WILL BE {SCLATED WITH CREW AGTION TC TURN OFF THE
AFFECTED FCS5 CHANMNEL.

- APPROVALS -
EDITORIALLY APPROVED : R . mmﬂ, rf-—si%
EDITORIALLY APPROVED :Jsc s
TECHNICAL APPROVAL - APPROVAL FORM : as-lcu_.n i
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